ABSTRACT An experiment was conducted to study the effect of broiler breeder feeding management practices on pullet performance, BW uniformity, and carcass traits during rearing (to 22 wk of age). At 3 wk of age, 1,200 Ross 308 breeder pullets were assigned to one of 5 treatments: 1) control: standard mash diet, fed daily; 2) high fiber: mash diet containing 25% lower nutrient density, fed daily; 3) scatter: standard diet in pellet form scattered on litter, fed daily; 4) skip-a-day: standard mash diet, fed on alternate days; or 5) grading: standard mash diet, fed daily (birds sorted into low, average, and high BW groups every 4 wk). Birds on the high fiber treatment consumed more feed (P < 0.0001) and had the highest feed conversion ratio (FCR; P < 0.004) but the lowest ME to gain and CP to gain ratios (P ≤ 0.002). Skip-a-day treatment pullets consumed more ME and CP than birds in any other treatment (P < 0.001). Grading yielded the highest BW uniformity at 22 wk of age (CV = 6.2%), while control and high fiber treatment groups were least uniform (CV > 15%; P < 0.0001). Skip-a-day feed restriction produced birds with the significantly lowest breast muscle and highest liver weight compared to all other treatments (P < 0.05). Variation in shank length, chest width, and breast muscle was lowest in the grading treatment, whereas the CV for fat pad and liver was lowest in the skip-a-day treatment. In this trial, broiler breeder target BW profiles were achieved using combinations of quantitative and qualitative feed restriction, or preemptive management practices. Qualitative diet dilution and skip-a-day management did little to increase flock uniformity relative to the control during the most intense period of feed restriction (7 to 19 wk). Scatter feeding increased flock uniformity to a small degree, whereas grading yielded the highest increase in BW and carcass trait uniformity.
INTRODUCTION
Genetic selection criteria for broilers has focused on rapid juvenile growth, feed conversion ratio (FCR), and increased yield of breast meat (Pollock, 1999; Decuypere et al., 2003; Richards, 2003) . These traits are desired and beneficial in broiler production; however, they may compromise reproductive fitness and efficiency in the parent stock broiler breeders (Jaap and Muir, 1968; Siegel and Dunnington, 1985; Robinson et al., 1998a,b) . Broiler breeders are subjected to feed restriction during rearing to reduce obesity-related reproductive problems such as lower peak lay, erratic ovulation, defective eggs, low fertility, and reduced hatchability and chick quality (Katanbaf et al., 1989a,b; Robinson and Robinson, 1991; Robinson et al., 1995; Renema et al., 2008) . Broiler growth potential has increased by 400% over a 50 y period , yet the recommended BW targets for broiler breeder parent stocks have hardly changed . Pullet feeding management strategies are designed to provide the nutrients required for maintenance and growth while concurrently maximizing flock BW uniformity and well-being. Whereas restricting feed intake (FI) in the rearing period is critical in controlling excessive growth, the nutrient supply must be adequate for skeletal development and fleshing (body condition), and to meet thresholds of BW and fat necessary for the onset of sexual maturity and persistent egg production (Lewis et al., 2007; Pishnamazi et al., 2014) .
The gap between breeder BW and broiler growth potential continues to increase, which requires severe feed restriction. Feed restriction practices severely limit feed quantities available, particularly during rearing (8 to 16 wk), when the disparity between ad libitum feed consumption and restricted feed allotment is the greatest (Hocking et al., 1993) . Reducing FI to levels needed to control BW has intensified competition for feed, resulting in low BW uniformity. Larger or aggressive pullets likely out-compete smaller or timid pullets, resulting in unequal access to feed and increasing flock BW variation. The objective of this study was to determine the impact of management practices designed to make FI more equitable among birds within a pullet flock on the uniformity of BW carcass traits.
MATERIALS AND METHODS

Experimental Design
This research project was carried out in compliance with the Guide to the Care and Use of Experimental Animals (Canadian Council on Animal Care, 1993) and was approved by a Faculty Policy and Welfare Committee at the University of Alberta.
Five different feeding management treatments were implemented during the rearing period using a randomized complete block design from 3 to 22 wk of age: 1) control: standard diet in mash form, fed daily; 2) high fiber: mash diet containing 25% lower nutrient density, fed daily; 3) scatter: standard diet in pellet form scattered on litter, fed daily; 4) skip-a-day: standard mash diet, fed on alternate days; or 5) grading: standard mash diet, fed daily (birds sorted into low, average, and high BW groups every 4 wk). Pullets were randomly allotted to treatments, with 6 pens per treatment, with an initial BW CV of 9.9% in each treatment. For measuring the CV, groups of 3 pens were designated as an experimental unit to incorporate each of the 3 BW groups (low, average, and high) within the grading treatment. In the grading treatment, there were 2 experimental units containing 3 pens of pullets. Birds within each experimental unit were sorted by BW such that one third of birds with the lowest, average, and highest BW were in each of the low, average, and high BW pens, respectively. For the CV calculations only, the CV was calculated for groups of 3 pens, giving 2 replicate groups for each treatment at every age.
Diets and Feeding Management
A standard broiler breeder pullet grower diet containing 2,865 kcal/kg ME, 15% CP, and 0.74% lysine was used for 4 of the treatments (Table 1) . A high fiber pullet grower diet containing 25% oat hulls and having 25% lower ME and balanced amino acid levels (2,200 kcal; 11.4% CP; 0.56% lysine) was formulated for the high fiber treatment. Feed was provided to each pen to achieve breeder-recommended target BW profiles (Table 2 ). Feed restriction began at 21 d of age. In the control and grading treatments, pullets received the standard grower diet daily in pan feeders, with feeder space of 8.4 cm/bird. Birds in the scatter treatment received the standard grower diet in pellet form, fed daily by scattering pellets by hand directly onto the litter. Pellets were manufactured using a non-nutritive binder at an inclusion level of 0.5% (Pelstik, Tembec, Montreal, QC). Pullets in the skip-a-day treatment pens were fed the standard diet in mash form in pan feeders on alternate days.
Stocks and Measurements
At hatch, a total of 1,365 Ross 308 (Aviagen Inc., Huntsville, AL) broiler breeder pullets were placed in 7 floor pens with 195 birds per pen (15.6 chicks/m 2 ) in a light-tight facility and raised according to Ross 308 management guidelines to 21 d of age (Aviagen, 2007) . All chicks had ad libitum access to feed and water from 0 to 21 d of age. At 21 d of age, 1,200 pullets were assigned randomly to 30 pens in a light-tight facility (40 pullets/pen; 5.8 birds/m 2 ). They were individually identified using barcoded neck tags (Heartland Tag LLC, Fair Play, MO). The photoperiod was 8L:16D from 3 to 22 wk of age. Water was provided ad libitum. Group BW were recorded at 5 wk of age and every week thereafter. Individual BW and external body measurements of shank length and chest width were taken every 4 wk (3, 7, 11, 15, 19 , and 22 wk of age) on all 1,200 pullets. Individual BW were measured using a Weltech hanging scale (Model BW-2050, Weltech Agri Data, Marshville, NC). Shank length (tibiotarsus) was measured using digital calipers (Model CD-8 C, Mitutoyo, Japan) from the top of the flexed hock joint to the bottom of the footpad. Chest width was measured 2.5 cm below clavicle bones at the widest point on the chest. At 22 wk of age, 450 pullets were humanely euthanized and dissected. Pectoralis major (P. major), Pectoralis minor (P. minor), fat pad, liver, oviduct, and ovary weights were recorded.
Statistical Analysis
Data were analyzed as a randomized complete block design. There were 2 blocks, each containing 15 pens (3 per treatment within each block). Body weight CV was determined using all pens within each block so that all 3 (low, average, and high BW) pens in each grading treatment would be considered together, and all CV estimates were balanced, having the same number of birds and the same number of pens. Treatment effects were evaluated as a 2-way ANOVA using the MIXED procedure in SAS (SAS Institute Inc., 2005), with age and treatment as sources of variation. Frame size measures (shank length and chest width) were analyzed considering operator as a discrete random effect using the MIXED procedure in SAS (SAS Institute Inc., 2005) . For carcass trait data, 22 wk BW was included as a covariate. Pairwise comparisons were used to estimate the significance of differences between least squares means. Differences were considered significant where P < 0.05, unless otherwise specified.
RESULTS
Growth
Primary breeder BW target profiles were achieved during the rearing phase (3 to 22 wk) in all 5 feed treatments. There were no differences in initial BW. There were minor but significant transient differences in BW throughout the growing phase ( Figure 1 ). Scatter treatment birds were 22 g heavier than high fiber treatment birds at 7 wk (0.707 vs. 0.685 kg, respectively). Scatter treatment birds were heavier than the control and high fiber treatment birds at 11 wk of age by 32 and 39 g, respectively, and remained 47 g heavier than control treatment birds at 15 wk of age. At 19 wk of age, skipa-day treatment birds were 67 g lighter than high fiber treatment birds, with other minor differences in intermediate treatments. At 22 wk of age, birds in the high fiber treatment were 58 g heavier than the skip-a-day treatment; no other treatment BW differed.
Feed Intake and Efficiency
Pullets fed the high fiber diet consumed more feed than birds in all other treatments (Table 3) . This was expected because of the lower nutrient specifications of the high fiber grower diet. High fiber treatment pullets consumed 24.4% more feed than the control treatment (11.10 vs. 8.92 kg/bird, respectively; Table 3 ). Body weight of pullets on 5 feeding management treatments: 1) control: standard mash diet, fed daily; 2) high fiber: mash diet containing 25% lower nutrient density, fed daily; 3) scatter: standard diet in pellet form scattered on litter, fed daily; 4) skip-a-day: standard mash diet, fed on alternate days; 5) grading: standard mash diet fed daily (birds sorted into low, average, and high BW groups every 4 wk). 1 Treatments: control: standard mash diet, fed daily; high fiber: mash diet containing 25% lower nutrient density, fed daily; scatter: standard diet in pellet form scattered on litter, fed daily; skip-a-day: standard mash diet, fed on alternate days; grading: standard mash diet fed daily (birds sorted into low, average, and high BW groups every 4 wk).
a-c Least squares means within a row with no common superscript differ (P < 0.05).
Scatter treatment birds consumed the least amount of feed (8.76 kg/bird), whereas skip-a-day treatment birds had the highest FI relative to the control and grading treatments, which did not differ (9.18 vs. 8.92 and 8.96 kg/bird, respectively; Table 3 ). Overall, FCR was higher in the high fiber treatment than in all other treatments. Before 15 wk of age, FCR was not different in the skip-a-day and high fiber treatments (Table 3) . Overall ME intake was highest in the skip-a-day treatment (26,301 kcal/bird). ME intake was not different between the control and grading treatments (25,569 and 25,676 kcal, respectively); scatter treatment birds Table 4 . The effects of 5 broiler breeder pullet feed treatments on ME and CP consumption and efficiency from 3 to 22 wk of age. 1 Treatments: control: standard mash diet, fed daily; high fiber: mash diet containing 25% lower nutrient density, fed daily; scatter: standard diet in pellet form scattered on litter, fed daily; skip-aday: standard mash diet, fed on alternate days; grading: standard mash diet fed daily (birds sorted into low, average, and high BW groups every 4 wk).
had even lower ME intake (25,091 kcal), and ME intake by the high fiber treatment birds was lowest (24,334 kcal/bird; Table 4 ). Because the ratio of amino acids to ME was identical across diets, CP intake results followed the same pattern as ME intake (Table 4) . ME to gain ratios in the high fiber treatment were the lowest (12.1 kcal/g) and were the highest in the skip-a-day treatment (14.4 kcal/g); control, scatter, and grading treatments were intermediate (12.9, 12.9, and 13.0 kcal/kg, respectively; Table 4 ). Crude protein conversion rates followed a similar pattern. Nutrient intake and utilization ratios did not differ at any point between control and grading treatments, indicating similar feed utilization.
Body Weight Uniformity
Pullet BW uniformity was identical at the start of the experiment, with a CV of 9.9% in every treatment (Table 5 ). At 7 wk of age, the scatter and grading treatments had the lowest BW variation. BW variation increased slightly in the scatter treatment but continued to decline in the grading treatment. The grading treatment resulted in the highest flock BW uniformity at 22 wk with a BW CV of 6.2%, followed by the scatter and skip-a-day treatments (10.9 and 12.7%, respectively), which were followed by the high fiber and control treatments (15.2 and 15.3%, respectively; Table 5 ).
The high fiber treatment may have had an early beneficial effect on uniformity (7 wk), whereas no reduction in BW CV was observed in the skip-a-day treatment prior to 22 wk of age.
Carcass Traits
As proxies for frame size, neither shank length nor chest width was affected by feeding management treatments (Table 6 ). Pullets in the skip-a-day treatment had the lowest P. major and P. minor weights (395 and 122 g, respectively), and the heaviest liver and fat pad weights (60.1 and 36.7 g, respectively) compared to all other treatments. Scatter treatment pullets had the lightest fat pad and liver weights (24.5 and 48.0 g, respectively; Table 6 ). Fat pad, oviduct, P. major, and P. minor weights did not differ among control, high fiber, and grading treatments. Though not significant (P < 0.07), the ovarian stroma were numerically lowest in skip-a-day treatment birds. Oviduct weight was lower in skip-a-day and scatter treatment birds compared to high fiber treatment birds.
Carcass Trait Uniformity
No significant differences in variation were observed for ovarian stroma or shank length. Variation in carcass traits (CV) was generally the lowest in the grading 1 Treatments: control: standard mash diet, fed daily; high fiber: mash diet containing 25% lower nutrient density, fed daily; scatter: standard diet in pellet form scattered on litter, fed daily; skip-a-day: standard mash diet, fed on alternate days; grading: standard mash diet fed daily (birds sorted into low, average, and high BW groups every 4 wk).
a-c Least squares means within a column with no common superscript differ (P < 0.05). 1 Treatments: control: standard mash diet, fed daily; high fiber: mash diet containing 25% lower nutrient density, fed daily; scatter: standard diet in pellet form scattered on litter, fed daily; skip-a-day: standard mash diet, fed on alternate days; grading: standard mash diet fed daily (birds sorted into low, average, and high BW groups every 4 wk).
2 BW taken prior to processing. 3 Shank length = tibiotarsus measured from top of flexed hock joint to bottom of footpad. 4 Chest width was measured 2.5 cm below clavicle bones at widest point on the chest. a-d Least squares means within a column with no common superscript differ (P < 0.05).
treatment (Table 7) . The scatter treatment birds were not significantly less uniform than those in the grading treatments in any trait except P. minor weight. Chest width, P. major, and P. minor variation was higher in the skip-a-day birds compared to the grading treatment. Variation in carcass traits was consistently the highest in the control and high fiber treatment birds. Variation in carcass traits due to differences in BW were significant (Table 6 ) but were accounted for using 22 wk BW as a covariate.
DISCUSSION
Sexual maturation is harmonized in uniform flocks, which supports high peak production and enables producers to adjust feed allocations to match the nutrient requirements of a higher proportion of individual birds within flocks (Pishnamazi et al., 2008 ). In the current study, feeding management practices had a significant effect on uniformity, FI, BW gain, and nutrient efficiency. In contrast, some previous research found no effect on FI, BW gain, or uniformity (Pishnamazi et al., 2008 (Pishnamazi et al., , 2014 Eitan et al., 2014) , while other studies corroborated similar significant effects (Wilson et al., 1989; Bruggeman et al., 1999; Renema et al., 1999; Savory and Lariviere, 2000; de Beer and Coon, 2007; Enting et al., 2007) . Responses may differ due to genetics (temporal and contemporary variation), the type or degree of feed restriction used, and age at which treatment effects were investigated. While feed restriction is sometimes imposed as early as 2 wk of age, the degree of feed restriction is often most intense between 8 to 16 wk of age (Hocking et al., 1993; Bruggeman et al., 1999) . From 7 to 19 wk in the current study, the skip-a-day and high fiber feeding strategies did not improve BW uniformity relative to the control. These have been important commercial strategies for improving flock uniformity, drawing on the theory that increased meal size should prolong feeding time. However, they were not effective in the most intense feed restriction period.
In the current study, in the period preceding the most intense feed restriction (3 to 7 wk of age), qualitative feed restriction in the high fiber treatment increased 7 wk flock uniformity compared to skip-a-day feeding. After 19 wk of age, feed restriction was again relaxed somewhat to provide a nutrient flush to support reproductive development. During this time period, BW and carcass trait uniformity improved in the skip-a-day feeding treatment. With scatter feeding, finding feed particles is more challenging than in conventional systems where feed is readily available in feeders. Forcing birds to forage through the litter in the scatter feeding treatment may have provided an advantage to timid birds by increasing both the spatial and temporal availability of feed to a greater extent than the high fiber and skip-a-day treatments.
In the current study, ME to gain and CP to gain ratios were lowest for the high fiber treatment even though this group had the highest volume of feed intake. Despite having lower FCR, the high fiber treatment resulted in the highest nutrient utilization efficiency. These results are congruent with Zuidhof et al. (1995) , who found that birds fed a standard diet diluted with 30% oat hulls consumed less CP, which corresponded to higher CP efficiency. Rogel et al. (1987a) and Mollah and Annison (1981) suggested that dietary inclusion of oat hulls improved starch granule digestibility in wheatbased diets. Rogel et al. (1987b) suggested that oat hull fiber is retained in the gizzard and aids the physical breakdown of starch particles, thereby increasing digestibility. Antibacterial and antifungal properties of oat hulls (Buttner and Muhler, 1959; Madsen and Edmonds, 1962) may improve gut microflora (Rogel et al., 1987a) , leading to increased feed efficiency.
Pellets provide a balanced nutrient and condensed energy feed source (Leeson and Summers, 2001 ) and may improve FCR (Svihus et al., 2004) . Pelleting increases the proportion of small-sized particles, which can improve digestibility (Rogel et al., 1987b) . Pelleting does not appear to have played a major role in efficiency in the current study. Lower FI in the scatter treatment appeared to be explained by differences in BW gain. Although not directly measured in the current study, scatter treatment birds likely expended more energy foraging for pellets (van Middelkoop et al., 2000) .
In the current study, skip-a-day feeding increased BW and carcass trait uniformity compared to qualitative dilution and the control (limited daily feeding). Similarly, Bartov et al. (1988) , Bennett and Leeson (1989), and de Beer and Coon (2007) reported an increase in flock uniformity in skip-a-day treatments versus everyday limited feeding. Skip-a-day programs may be particularly beneficial when bids have limited feeding space because providing prolonged temporal access to feed gives more opportunity for timid and submissive birds to eat (Cobb-Vantress, 2005) . However, skip-a-day feeding did not improve uniformity in the current study until 22 wk of age. Although feed cleanup time was not measured in the current study, the degree of feed restriction may have been so severe that skip-a-day feeding did not sufficiently extend temporal access to feed. In a pilot study in our laboratory, we diluted pullet diets with ground expanded polystyrene, a non-nutritive filler. Although the volume of feed increased by 400%, extension of feed clean-up time was limited. Birds fed the dilute diet consumed the much higher feed volume in 20 min, compared to 15 min in the control treatment (Zuidhof, unpublished data) . In the current study, it is likely that feed restriction was too severe to extend feed clean-up time. Around puberty, when feed allowances increased to support reproductive development, skip-a-day feeding may have increased the time feed was available to the birds, thus increasing uniformity relative to birds fed daily.
Congruent with the current study, de Beer and Coon (2007) and Pishnamazi et al. (2008) found no differences in frame size between birds with feed restricted either via every day or skip-a-day feeding. Robinson et al. (2007) noted that feed restriction can limit shank length throughout the rearing period due to significant manipulation of the BW profile. Because BW was quite consistent among treatments in the current study, the lack of difference in frame size was not surprising.
In the current study, breast muscle (P. major and P. minor) and liver weights were lowest in the skip-a-day treatment compared to all other treatments. Fat pad weight was highest numerically in the skip-a-day treatment (and significantly higher than in the scatter treatment). These results are consistent with previous findings that feeding frequency alters metabolism in chickens (Muiruri et al., 1975; Katanbaf et al., 1989a; Richards et al., 2003) . de Beer et al. (2007) reported a 5-fold increase in glycogen and total lipid levels in skip-a-day birds 24 h after refeeding. During fasting, energy stored in tissues is mobilized to satisfy energy needs. Fatty acids are made available from adipose tissue, and glucose is released from liver glycogen stores, with further energy provided by catabolism of muscle protein through gluconeogenesis (de Beer and Coon, 2007; de Beer et al., 2007) . During refeeding, liver glycogen stores are replenished, excess dietary energy is converted to triglycerides via lipogenesis in the liver, and these triglycerides are stored in adipocytes. Increased lipogenesis in refed chickens is attributed to increased hepatic acetyl-coenzyme A carboxylase gene expression , increased availability of NADH phosphate reducing equivalents from malic enzyme reaction, fatty acid synthase, and increased circulating levels of insulin, leptin, and triiodothyronine (Rosebrough, 2000; Richards et al., 2003; Sun et al., 2006) . After refeeding, more glucose is available, providing more acetyl-coenzyme A via glycolysis as a substrate for lipogenesis. Birds on a skip-a-day feeding regimen are metabolically less efficient because of the energy cost associated with the need to store and mobilize nutrients in greater quantities (de Beer and Coon, 2007) . Conditioned to repeated energy shortage, skip-a-day fed birds compromise growth of breast muscle tissues and divert more energy to storage in the abdominal fat pad, which is more efficient for storage and mobilization.
Whereas ovarian stroma weight was not affected by feeding management practices, 22 wk oviduct weight was lightest in skip-a-day treatment birds, and was significantly lower than the high fiber treatment only. As discussed above, the process of feeding, fasting, and refeeding changes birds' metabolism and hormonal activity. Inefficiencies in nutrient utilization in the skipa-day treatment likely reduced nutrient availability and may have reduced the rate of sexual development (Renema and Robinson, 2004) . Birds on the skip-a-day treatment had the highest variability in oviduct weights (CV = 17.1%) at the time of photostimulation compared to other treatments, the lowest mean egg weight at the first oviposition, the least number of large yellow follicles, and the lowest F1 follicle (largest follicle) weight compared to other treatments (data not shown). There were no differences in chick production to 40 wk of age, likely because hens were individually housed and did not compete for feed during the laying phase.
